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where k HOH* is the observed rate of hydrolysis (1) . Hydrolysis of E-XMP* requires the closed conformation of the flap, governed by K c , allowing the intrinsic rate of hydrolysis (k HOH ) to be calculated from k HOH* using eq 10.
From eq 9 and 10, k HOH = 3.9 s -1 , indistinguishable from the rate for the T. foetus enzyme.
Scheme S1. Kinetic scheme used for global fits of the CpIMPDH reaction.
Global Fit Analysis of the CpIMPDH reaction
The progress curves for the reaction of CpIMPDH monitored by fluorescence and absorbance stopped-flow spectroscopy were globally fit using the program DynaFit (2). Signal Figure 3 and the values are listed in Table S1 . These data do not contain adequate constraints on the rates of NAD + binding to E-XMP*. Therefore, these values are not well-determined and only estimates are provided.
However, the value of k 12 /k 11 was consistently determined to be 200-400 µM. Using the values from Table S1 for CpIMPDH, k cat = 1.8 s -1 and K M NAD + = 40 µM were calculated from eq 11 and 12 respectively. The fluorescence time course displays two exponential phases followed by a linear steady-state.
These data were fit by eq 7 (red curve). (B) Final concentrations after mixing are 3.5 µM enzyme, 2 mM IMP, and 400 µM NAD + . The absorbance time course displays a single exponential phase followed by a linear steady-state. These data were fit by eq 6 (red curve). 
Global Fit Analysis of the hIMPDH2 reaction
The pre-steady-state reaction of E•IMP with NAD + for hIMPDH2 was also examined by
DynaFit. The mechanism of Scheme S2 was used for fitting. The concentration of IMP used in
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these experiments is 2 mM, so IMP binding was modeled as saturated. In the absence of information about the flap equilibrium, we have modeled this step as irreversible for simplicity. Fixing these values served to further constrain the remaining parameters. The values of the rate constants are listed in Table S2 and the resulting fits are shown in Figure 4 .
The value of k HOH was calculated from the values of k cat and the solvent isotope effect as follows. The fractional contribution of k HOH to k cat (f) is given by
where D2O k cat is the solvent isotope effect on k cat and D2O k HOH is the intrinsic isotope effect on hydrolysis, allowing k HOH to be calculated from eq 15.
Assuming the intrinsic isotope effect is 3, as observed in the reaction of CpIMPDH as well as in the reaction of serine proteases (6), then f = 0.4, k HOH = 1 s -1 and k = 0.7 s -1 for the other ratelimiting step (7) . From this analysis, the value of k HOH was fixed to 1 s -1 for global fitting resulting in a fitted value for k close of 1 s -1 . Thus, both the solvent isotope effect and stoppedflow experiments support an additional rate-limiting step.
Consistent with the local fit analysis, the hydride transfer step is similar in rate to NADH . This prediction is fulfilled by the fits.
Scheme S2. Kinetic scheme used for global fits of the hIMPDH2 reaction by DynaFit.
